Cervical spondylosis is one of the most common disorders that ails people over middle-age. Problems brought on by this condition have become more serious in societies where the aged population is expanding. Since Key described encroachments on the spinal cord by ventral ridges of discal origin in 1838 [49] , the condition has been an object of study in neurological, neurosurgical, orthopedic, radiological, and other related fields, and have been analyzed from various points of view. With regard to surgical treatment, strenuous efforts made by many surgeons, probably driven by disastrous experiences, resulted in development and improvement of various surgical techniques, and results of surgical treatment have become better and more stable. Various methods of conservative treatment for radiculopathy and myelopathy have also been developed, and choice of treatment for these conditions has become diverse.
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However, one of the most important questions, "when and what can surgery contribute to treatment of cervical radiculopathy and myelopathy?" remains unanswered. Namely, when must we change treatment modality for the conditions from conservative to surgical? Can a surgery selected for the patient eradicate their complaints completely, and can the surgery change the natural course of the disease distressing the patient? In this article, indications, timing and results of surgical treatment for cervical radiculopathy and myelopathy are Abstract Indications and timing of surgical treatment for cervical radiculopathy and myelopathy, and the long-term results for the conditions, were reviewed. Advances in spinal imaging and accumulation of clinical experience have provided some clues as to indications and timing of surgery for cervical myelopathy. Duration of myelopathy prior to surgery and the transverse area of the spinal cord at the maximum compression level were the most significant prognostic parameters for surgical outcome. Thus, when myelopathy is caused by etiological factors that are either unchangeable by nature, such as developmental canal stenosis, or progressive, such as ossification of the posterior longitudinal ligament, surgical treatment should be considered. When an etiology of myelopathy is remissible, such as soft disc herniation and listhesis, surgery may be reserved until the effects of conservative treatment are confirmed. When surgery is properly carried out, long-term surgical results are expected to be good and stable, and the natural course of myelopathy secondary to cervical spondylosis may be modified. However, little attention has been paid to the questions "When and what can surgery contribute to treatment of cervical radiculopathy?". A well-controlled clinical study including natural history should be done to provide some answers.
reviewed, based on etiological, pathological and followup studies.
Causes of cervical radiculopathy and myelopathy
The clinical manifestations of cervical spondylosis are quite diverse [5] , and the pathomechanisms of some symptoms, such as precordial pain, headache and vertigo, have not yet been clarified. Signs and symptoms observed in a patient with cervical spondylosis can be categorized as core, marginal and inexplicable; the core symptoms are those of discopathy, radiculopathy and myelopathy, according to the origin of the symptoms [37] .
A typical radicular syndrome consists of radiating pain and sensory and/or motor deficit localized in an area innervated by a certain nerve root. It is caused by nerve root irritation and/or compression by spondyloarthropathic osteophytes. Radiculopathy is also caused by soft disc herniation, and rarely by spinal and spinal cord tumors, ossification of the posterior longitudinal ligament (OPLL) [22] , infectious spondylitis and trauma.
Spinal cord symptoms caused by cervical spondylosis are divided into two groups: long-tract and segmental symptoms. Typical neurological signs of long-tract involvement are exaggerated tendon reflexes, presence of pathological reflexes, spastic quadriplegia, spastic type of myelopathy hand [36] , sensory loss with glove and stocking like distribution, and bladder-bowel disturbance. Schematically, segmental sign is motor deficit of an affected segment. However, limited involvement of the gray matter may not manifest clinically. When involvement extends multisegmentally, segmental symptoms appear as cervical spondylotic amyotrophy (CSA) [37] . Myelopathy is also caused by soft disc herniation, OPLL, and rarely by spinal and spinal cord tumors, infectious spondylitis and miscellaneous conditions.
The clinical appearance of cervical spondylotic myelopathy (CSM) is a combination of symptoms of segmental and long-tract impairment. Segmental symptoms mimic radicular symptoms, and thus are sometimes regarded as radicular in origin, and erroneously diagnosed as radiculomyelopathy. In Japan we have many patients with CSM [23] , probably due to developmental spinal canal size [31] . Experientially, most patients with CSM have only a combination of long-tract and segmental signs. Naturally, the pathomechanisms of cervical spondylotic radiculopathy and myelopathy are quite different, and thus these conditions should discussed separately.
Cervical myelopathy
Can we throw some light on the questions of when and what surgery can contribute to treatment from a viewpoint of etiology? Cervical myelopathy is caused by static compression, directly or indirectly, probably through circulatory disturbance. Dynamic factors including normal cervical movement and abnormal movement, so-called spinal instability, also cause myelopathy in association with static compression and/or developmental canal stenosis. Therefore, these etiological factors influence the natural course of cervical myelopathy and thus affect choice of treatment and timing of surgery.
When myelopathy is caused by factors of a progressive nature, such as spinal and spinal cord tumors, surgical treatment is indicated immediately the diagnosis is made. OPLL is a self-limiting condition, but an ossified lesion increases to a certain size and does not decrease in size spontaneously. Thus, surgery must be considered regardless of symptoms, when the occupancy rate (thickness of lesion/developmental anteroposterior canal diameter) is more than 40%, or the space available for the spinal cord is less than 8 mm, because development of myelopathy is strongly anticipated in this situation [27] . A minor trauma may transform the natural course of OPLL. The Japanese investigation committee on OPLL reported that 20.6% of patients with OPLL experienced acute deterioration of neurological symptoms on occasion of trivial trauma such a slipping [46] . This suggests that in OPLL surgical treatment must be considered even for a patient with mild symptoms.
Cervical spondylosis itself is a self-limiting condition. Osteophytes formed at the discovertebral junction, the uncovertebral joint (Luschka), and the zygoapophyseal joint never grow beyond a certain size. However, static compression is not the sole etiological factor of myelopathy in cervical spondylosis, and the etiologically multifactorial origin of CSM makes it difficult to predict the natural course of any particular patient with the condition.
Soft disc herniation is common in the cervical spine as well as in the lumbar spine, and causes cervical radiculopathy or myelopathy. Recently, spontaneous regression of the herniated mass in the lumbar spine has been documented with development of magnetic resonance imaging [45] . Herniated mass seems to be the only static compression factor that can disappear spontaneously. However, regarding regression of herniated disc in the cervical spine, case reports have sporadically been published [44, 48] , and only a few reported on the spontaneous regression of the herniated mass based on a follow-up study [20, 52] . No factor predicting spontaneous regression of the herniated mass can been clarified on the basis of these reports, and it is difficult to establish timing of surgery in the reported cases.
Dynamic factors are also an important etiological factor in CSM and OPLL. The dynamic factors include normal neck movement and abnormal movement such as spondylolisthesis. Both normal and abnormal movements are changeable and can therefore be controlled to some degree; thus, immobilization of the spine can be a remedy of conservative treatment. Barnes and Saunders studied factors predicting long-term prognosis in CSM based on a retrospective study of patients treated conservatively, and reported that those who deteriorated were more likely to have significantly more cervical mobility when compared to those patients whose disability had remained static. They concluded that measurement of cervical mobility may help to select patients who are more likely to deteriorate and thus more likely to benefit from surgical intervention [3] . Spinal instability such as listhesis may remain at its present degree due to the restabilization mechanism. However, the natural course of instability of the spine in a particular patient remains unpredictable, and our knowledge of this subject is insufficient to determine indication for surgical treatment.
The developmental spinal canal size is a predisposing factor of CSM, and is generally believed to remain fixed after maturation. In actual fact, the spinal canal size becomes smaller with age. Hayashi and his co-authors reported a decrease of static and dynamic anteroposterior canal diameter with age [13] . Thus, surgical treatment should be considered if a myelopathy is associated with developmental spinal canal stenosis.
Some factors mentioned above suggest progression of myelopathy, and can be used as a parameter of decisionmaking in treatment of CSM. However, in most patients with CSM, the etiology is multifactorial and it is very difficult to tell which factor is most responsible for myelopathy in any particular instance, although efforts have been made to clarify the pathophysiology of the condition [4] . To answer the questions posed in the title, experimental studies should be conducted, including development of animal models with chronic spinal cord compression and clinical investigations using open magnetic resonance imaging (MRI) for study of dynamic factors [8, 29, 30] and positron emission tomography for study of functional imaging [2] . Do studies of the natural history of CSM throw any light on the questions? Several authors have reported on the natural history of CSM [3, 7, 26, 32, 42] . However, most studies lacked inclusion criteria, evaluation of severity of myelopathy was unclear and follow-up periods vary. Therefore, the information on the natural history of CSM from the literature is not sufficient to formulate a precise prognosis, as LaRocca commented in his review of the natural history of CSM [25] . Ideally, prospective studies with sufficient data regarding prognostic factors are indispensable to forecasting the natural history more accurately in any particular patient. However, it is ethically doubtful that this type of prospective study can be carried out, because, with the advances in surgical treatment, delay in surgical intervention has been reported to result in a poor outcome [10, 24, 50] .
Does analysis of surgical results provide any answers? Various factors have been reported to influence surgical results: surgical technique, duration of symptoms prior to surgery, severity of myelopathy before surgery, age at surgery, trauma, multiplicity of involvement, anteroposterior canal diameter, transverse area of the spinal cord, highsignal-intensity area on T2-weighted image, etc. The most common and significant factor for prognostication is duration of symptoms prior to surgery [10, 24, 50] . Koyanagi and his co-authors showed that the transverse area of the spinal cord at the maximum compression before surgery and duration of symptoms prior to surgery were the most significant predictors of surgical results, based on multiple regression analysis [24] . Fujiwara and his coauthors reported that when the transverse area of the cord at the maximum compression before surgery was less than 30 mm 2 , surgical results were poor [10] . These findings suggest that delay in surgical treatment for severe myelopathy is associated with poor prognosis. However, these factors are not relevant to decision-making in mild myelopathy. The significance of other factors for prognostication of the outcome of surgical treatment varies across reports. Recently, a high-signal area on T2-weighted MR images has been studied as factor prophesying surgical outcome [1, 6, 28, 34, 47]. However, conclusions were not in agreement; some said the high-signal area was correlated with outcome[6, 34] and others said no [28, 47] . Wada and his co-authors concluded that the high-signal area reflected cystic change in the gray matter, after comparing their findings of MRI and delayed CT-myelography (CTM) with findings of pathological study [33] . They reported that only when the high-signal area extended multisegmentally did its presence indicate poor surgical outcome [47] .
Pathological study of the spinal cord in CSM and OPLL helps explain the correlation between clinical manifestations and findings of neuroimaging such as CTM and MRI. Several clinicopathological studies have already been reported elsewhere [12, 18, 35] .
In summary, a myelopathic patient experiencing difficulties in the activities of daily life would be a candidate for surgical treatment irrespective of etiology. A patient with myelopathy secondary to soft disc herniation can be treated conservatively, expecting spontaneous regression of the mass, if their symptoms are mild. Indication and timing of surgical treatment for a patient with CSM with mild symptoms is still obscure. When myelopathy is secondary to OPLL and developmental spinal canal stenosis, the risks and benefits of surgery should be assessed, because spontaneous decrease of the size of the lesion cannot be expected.
What, then, can be expected of surgery? Regarding the results of surgical treatment, numerous reports have been published using various evaluation criteria. In Japan, the scoring system for cervical myelopathy proposed by the Japanese Orthopedic Association has been widely used since 1975 [21] . The system consists of three categories, motor function, sensory function and bladder function, and each function is evaluated according to a number of items. Roughly speaking, approximately 60% of recovery, according to the recovery rate of Hirabayashi [17] , can be anticipated, irrespective of surgical technique. Several parameters mentioned above can be predictors of surgical outcome.
So which procedure produces the best outcome? Ideally, surgical procedures for compression myelopathy must be tailored to the individual patient. On the other hand, the efficacy and disadvantages of each procedure, as summarized in Table 1 , need to be taken into account in reaching a decision. A lively discussion in this field is choice of surgical procedure for CSM with multiple-level involvement and a relatively narrow spinal canal. Several surgical procedures, including discectomy and fusion, subtotal corpectomy and fusion, laminectomy and laminoplasties have been applied for this condition. However, no single procedure has been proved to be superior to others on statistical evidence. Only a few comparative studies have been conducted [14, 51] . A prospective, multicentric, controlled trial may answer the question [41] .
The last question in this section is "Can surgery change the natural course of disease distressing the patient?" Long-term follow-up studies may give some clues to the answer. In Japan, the health insurance system allows us to follow a patient up for a long postoperative period, and symposia on long-term follow-up results of surgery for cervical compression myelopathy were held at the 1999 annual meeting of the Japanese Spine Research Society. More than 20 papers on this subject, with minimum follow-up of 10 years, were presented, and conclusions were as follows. Generally, surgical benefits were maintained but deterioration of activities developed gradually with age, and frequent causes of the deterioration in the musculoskeletal system were disorders related to aging, such as lumbar spondylosis and osteoarthrosis of the knee. A few patients showed regression of symptoms due to spondylosis at levels adjacent to fusion. As to symptomatic adjacent-segment disease, In a follow-up of 374 patients using Kaplan-Meier survivorship analysis, Hilibrand and co-authors found that 25.6% of patients who had an anterior cervical arthrodesis developed new disease at an adjacent level within 10 years after the surgery [16] . At the moment, conclusions cannot be drawn on whether surgery can change the natural course of the disease, because we have no data on the "true" natural history of cervical spondylosis. However, surgical benefits of a satisfactory level are generally maintained for a long postoperative period.
Cervical radiculopathy
Similarly to CSM, static compression and dynamic factors are believed to cause CSR. However, CSR rarely transforms to CSM [26] . CSR is not usually associated with spinal canal stenosis [38] . Osteophytes come from the discovertebral junction and the uncovertebral joint (Luschka), and the zygoapophyseal joint, which forms the neuroforamen, is visible with roentgenography. Humphreys and co-authors reported that foraminal heights, widths, and areas were larger in asymptomatic patients than in symptomatic patients [19] . However the incidence of radiculopathy does not increase with age, while the incidence of roentgenographical spondylotic changes does increase with age. Dynamic factors may be etiological to 4 CSR, because immobilization of the cervical spine can cure symptoms. An abnormal movement, such as listhesis, can be visualized clinically to be a possible etiological factor, while with a normal movement, it is hard to tell its etiological significance. It is difficult to throw any light on the questions in the title from the standpoint of etiology.. In the lumbar region, it is argued that chemicals from and/or induced by herniated mass play an important role in development of radiculopathy, and the same mechanism may occur in the cervical region. Inflammation caused by mechanical and/or chemical factors serves as a major component of the disease process of CSR. Thus, anti-inflammatory therapies can be a remedy of CSR, and choice of treatment for the condition is more varied than for CSM.
The natural history of CSR has been investigated mostly as a part of follow-up study of conservative treatment, because conservative treatment is generally believed to alleviate symptoms of CSR in the short term. However over a long period it has no effect on the natural history. Only a few reports taking an epidemiological approach have been published [40] . Thus, authors have proposed a variety of outcomes of this condition, probably due to different inclusion criteria for patients, different evaluation criteria for symptoms and differences in duration of follow-up. An optimistic result was 90% remission, while a pessimistic result indicated one-third suffered persistent symptoms [11, 40] . At the same time, no parameter has yet been clarified to predict prognosis. Thus, a stepwise procedure of choice of remedies for the condition is unavoidable in most patients with CSR. The indications of surgery for CSR are (1) failure of conservative treatment and (2) progressive neurologic deficit. As for period of conservative treatment, a trial of at least 3 months is recommended [15] .
Treatment for CSR consists of conservative and surgical therapy. The former is composed of rest, immobilization of the cervical spine and various physical therapies, including traction and medical treatment. The latter consists of anterior surgery (discectomy with or without fusion, foraminotomy) and posterior surgery (facetectomy, foraminotomy). Only a few studies aimed directly at establishing choice and timing of treatment have been conducted so far [39, 43] . Persson and co-authors reported results of three therapies, surgery, collar immobilization and physiotherapy, based on a prospective study, and at 16 months after treatment no difference was found. Results of surgical treatment vary, and, as in CSM, no single procedure has been proved with statistical significance to be better than others.
Finally, what symptoms can be cured by surgery? Symptoms of radiculopathy can be categorized into core and marginal symptoms, the latter including Barre-Lieou syndrome, blurred vision, tinnitus, cervical migrane, cervical angina, etc [37] . At same time, a patient with CSR is sometimes associated with axial pain. Radicular pain is usually alleviated better than axial pain [9, 53] . The core symptoms of radiculopathy are likely to be more curable by surgery than marginal symptoms, although results of surgery with special reference to the marginal symptoms have been rarely reported.
Accumulation of experience on treatment of cervical radiculopathy and myelopathy has provided some clues as to when and what surgery can contribute. However, clear answers to the question, backed by statistical evidence, have not been found. A prospective, well-controlled study, especially on radiculopathy, which is more common and is treated in a variety of ways, would help to shorten the suffering period of patient and cut the medical expenses of society. References
